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(54) Glass/cellulose as protein reagent 



(57) Disclosed is an improvement in the method of 
determining protein in an aqueous fluid such as urine by 
contacting the fluid with a reagent system of a buffer 
and a protein error indicator. The improvement involves 
carrying out the determination in the presence of a 
glass/cellulose combination. 
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Description 



Background pf the invention 

5 The present invention Is related to the detection of protein in aqueous fluids (particularly urine) by the use of a test 
strip containing a protein error indicator and a buffer. More particularly, it relates to the use of a particular type of mate- 
rial for the test strp substrate, i.e. a glass/cellulose paper. 

The determination of the presence of protein in urine is important in the diagnosis of several pathological conditions 
affecting the kidney and circulatory systems as well as the central nervous system. It is often necessary to qualitatively 

10 and quantitatively measure protein in urine, especially in the diagnosis of diabetes and kidney disease. The predomi- 
nant urine protein associated with diabetes is albumin which is the protein most commonly sought out in analysis. 

Various methods for determining the presence of protein in urine are known, the most convenient of which involves 
wetting an absorbant test strip impregnated with a protein error indicator and buffer with a small quantity of urine. Pro- 
tein error indicators are pH indicators which contain an lonizatte group which is Displaced in the presence of protein to 

15 provide a detectable color change. This is the same color change that the indicator would undergo under the influence 
of a pH change, so it is important to include buffer in the test strip to thereby avoid a pH increase since such an increase 
cduki cause the change in color in the indictor in the absence of protein thereby resulting in a false positive result. The 
use of protein error indicators for the determination of protein in biological samples is disclosed in U.S. Patents 
5.279,790 and U.S. 5.424.215. 

20 Various materials have been used for the carrier material of the test strip with fitter paper being the most common. 
While the great majority of fitter papers are made from ordinary cellulosic pulp fibers, some are prepared from synthetic 
fibers such as glass or a mixture of pulp fbers and glass fibers. Filter papers made from glass fibers or a mixture of 
cellulose and glass fibers are sometimes preferred over those containing only natural cellulosic fibers because naturally 
occurring fibers contain peptic acids, waxy substances, electrolytes, proteins and other plant components in varying 

25 degrees. In U. S. Patent 3,846.247 there is described the use of woven or matted glass fibers as the substrate in reagent 
strips. It has now been discovered that certain advantages are obtainable by using cellulose/glass f ber fitter paper as 
the absorbant matrix in a test strip for the determination of protein in aqueous fluid as described above. 

ftimmprv pfthft iQvpntjpn 

30 

The present invention involves an improvement to the method of determinating protein in an aqueous fluid with a 
dry reagent strip comprising a solid carrier impregnated with a buffer and a protein error indicator dye wherein the inter- 
action of the dye with the protein results in a colorimetrically detectable response. The improvement involves the use of 
a glass/cellulose paper as the solid earner. 
35 Also included within the scope of the present invention is a device for the detection of protein in an aqueous fluid 
which devise comprises a glass/cellulose paper as carrier which contains a protein error indicator and buffer. 



pescrlption of tfts Invention 

40 The glass/cellulose filter papers useful in the present invention are typically prepared by the standard paper making 
process in which a slurry of the papermaking materials, glass and cellulosic fibers in this case, is applied to a screen 
and the water allowed to drain thereby leaving a residue which, when dried, possesses sufficient physical integrity for 
the desired purpose. Typical fitter papers useful in the present invention will contain about 30 to 90 wt % glass fibers 
and about 10 to 70 wt. % cellulose fibers with a concentration of from 50 to 70% glass to 50 to 30% cellulose being pre- 

45 ferred. The cellulose portion of the glass/cellulose combination may contain cellulose groups which are derivatized such 
as with carboxymethyt, diethylaminoethyl, suHoxyethyl. trimethyihydroxypropyl or mixtures thereof. 

The filter paper may contain minor concentrations of extraneous material such as peptic acids, waxy substances or 
proteins and electrolytes. While fber length and diameter are not critical to the practice of the present invention, fibers 
having a length of from 1 00 to 900 microns and a diameter range of from 2 to 50 microns are preferred since this range 

so permits the physical properties of the paper such as porosity and tensile strength to be adjusted. 

Protein error indicators include those pH indicators which contain an ionizable group which is displaced in the pres- 
ence of a protein to provide a detectable color change. Typically, the protein error indicator is a phenolsulfonephthalein 
dye. Exemplary of such indicators are tetrabromophenol blue (TBBP), 5'.5"-dinrtro-3\3"-diiodo-3,45.6-tetr^romophe- 
nolsulfonephthalein (DIDNTB), coomassie brilliant blue, Fast Green FCF. Light Green SF, pyrogallol red and pyrocate- 

55 chol violet. 

The protein error indicators typically provide a colored response when the liquid with which they are contactea 
becomes more basic. Thus. DIDNTB turns from colorless to blue at a pH greater than 2.1 and TBPB turns from yellow 
to blue above a pH of 3.7 which color changes necessitate the presence of a buffer when the fluid being tested has a 
fairly high pH such as urine. This is the case because the protein error indicators contain an ionizable group which is 



om«nnrir> <cd 



2 



BEST AVAILABLE COPY 



EP0 785 429A1 



15 



Placed in the presence of protein to provide a detectable color change. As discussed above, it ■ important to include 

^ri reSn^n aSnS result. Suitable buffers include citric acid, phosphoric add. ctetron.c ac.ci. djgly- 
tSSS. ^SSSSSZ. sarcosine and belaine. Tartaric acW or tartaric ac0 in combinaton wrth another 

^-ThttJstXS TZ pO, invention is typically a strip cut from the glass/cellulose filter wen*** £ 
nJS!! reagent syaem. This Impregnation is typically earned out by a two dip procedure in wh.* the f uttdp 
Sses w^ter wawatw polar organic solvent mixture in which there is dissolved the buffer (typically at a concartra- 
^SSSSm S a polymer as binder and a surfactant which are included for stability « 
Si as to p^Sg of thebJ^The pH of this dip solution is maintained wftbin the range of from 1.5 to 3^n 
Trder to pmSn error indicator in a protenated form so that the protein is able to replace in 

^X^ AfwLno the strip is dipped into a second solution of an organic solvent in whtch is dBsotved the 
ScaToT ££££ !i%££* trc^O.2 to 5.0 mM. and optionally a color enhancing polymer such as Lutona. 
Mdo a r^invlmethvlether and/or KOK 10071 , a propylene glycol/carbonate copolymer. 

jJJdKl i d^ng the strips are ready for use which normally involves dipping them in a ur.ne sample and 
--.eadX^SS Sng fromme odorSange in the indoor either manually or by use of a reflectance spec- 

™Sod e of^Sg n the present invention is further illustrated by the following examples: 
20 Example t 

Filter oaoer segments were made into TBPB (phenolsulfonephthalein dye) reagents by cutting the segments into 
onefrS^ 

a combination of 200 mM sodium citrate and 180 mM cftrc acid ™J^**!^™T n ^ £ ^ 
second saturation, after drying at 105"C for 5 minutes, involved an ethanol m.x contaming the TBPB «nd.cator dye at a 

concentration of 3.0 mM with drying as before. __ w , ftf ueA a 

The reagent squares were measured dry and after pipetting with water and water oortam.ng Mmg/dL of HSA. A 
wbite s^e dpoTystyrene was used to hold the reagent samples in place on the platform of a Beckman DU-70 spec- 

tr ° Pl Se'Sectance spectra of each reagent square (dye/water/HSA) were measured using a RSA ££-70 ^reflec^ce 
speiicopyacces^ry from Labsphere. North Sutton. NH. The background and protein response for vanous types of 
filler paper are set out in Table 1 . 
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Table 1 



5 


Effect of Filter Paper on the TBPB Protein Reagent 




Paper Type 


Change in Background 


Change in Protein 
Response 




alass fiber lot A 


169% 


120% 


10 


alass fiber lot R 


. 173% 


143% 




alass fiber lot C 


167% 


129% 




□lass fiber lot D 


1 ceo/ 


146% 




glass fiber lot E 


1 coo/ 


135% 


15 


alass fiber lot E ret inert with Dl wator 

^IB09 IK/QI IWl I— 1 CI H l\7v< Willi Ul WQ L Cl 


1 1 DO/ 


I 123% 




alass fiber lot F 

yBW ilvOT Iwl 1 


J 72% 


127% 




quartz fiber 


ino*v 


126% 


20 


DOtvester lot A 


1 ncoz 

1U07O 


130% 




Dolvester lot B 


1 i OO/ 

I lOTto 


72% 




dottmjs film noivethviene 


1 OO/ 

162% 


81% 




buikv wood ouio 

i«/wwr\j nvuu |>/u^J 


4 000/ 

ioo% 


90% 


25 




94% 


121% 




wicdi/i icu t>uiiwuuu piup rerineu wiin ui waier 


122% 


69% 




Weftfhpff CnftVA/rWi Pit tin with COrnnH rof ininn 


108% 


83% 


30 


bleached ftnr*p[vnti ie wnnrf ni iln 


coo/ 

58% 


144% 




cotton linter lot A fiber lonnth nf 190/1.9^0 


iota/ 
121% 


92% 




Cotton (inter lot R fihor lonrrth nf 190n.9RAO 


99% 


115% 




cotton 1 inter Int C. fiher lonnth nf 19nn-9<wn 


1 A COS 

146% 


118% 


35 


cotton linter lot H fiher lonrrth rrf 190/1-9*^00 


196% 


63% 




Cotton linter lot D rfffinori with ni wotor 
wuuw i ui hoi iwi i»/ 1 wi ii itnj win t L/ 1 Walci 


1 18% 


97% 




cotton linter lot D with comnH rof riirm 
vmiuii 111 iid tui u wiin oowwiiu iciiiiiiy 


1 mo/ 

101% 


118% 


40 


COtton lint or with fihor lonrrth nf 700.1000 
wuuwi hi i itsi wiui iiutji iwriyui ui /uu lUUU 


139% 


71% 




cotton tint or with fihor lonrrth nf *3AOO.A9AO 
uuiimi in 1 lis wiui MU&l loliyui UT OvULr**ceU 


152% 


56% 




nnttnn lint or with f ihor lannth rxt AQOO_conn 


157% 


51% 




cotton linter with fiber length of mja 7900 


174% 


52% 


45 


cotton linter with fiber length of 2500-3300 


165% 


44% 




cotton linter lot A, fiber length of 1200-1600 j 


160% 


35% 




cotton finter lot B, fiber length of 1200-1600 


146% 


55% 


50 


cotton/wood Standard 


100% 


100% 




cotton/wood standard lot B 


104% 


113% 




cotton/wood Lot B, refined with Dl water 


107% 


111% 


55 


cotton/silica gel 


160% 


14% 


30 % cotton linter / 70% glass 


110% 


251% 



In Table 1 , the background is based on the result with plain water and the protein response is based on the differ- 
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S response than the control . This is the case because the lower *e backgro undtt 3 to jn Micre . 

STSfc «*• interference ' ** the 'T "SSS SSTeSSS a cotton/wood stand- 
alfaunTnunaisanexarr^ chosen as control. These 

ard filter paper exhibiting changes in standard filter paper having been assigned a 

100% changes were background and P rrte,n r ^ e ^^J^ c ^r type isrcported relative to the stand- 

trations of 15-30 mg/dL. u/hatman Ltd which is a cotton glass paper com- 

FromTable 1 rtcan be determined thathlter^^^ 

prising 30% cotton (inter (which typica ft have i ^^*^^3SIdO and exhibiting an increase in 
of accomplishing the dual goals of ^ZVZ^^t^^ee^m a change in protein response of 

pared to the control reagent . nrit irnrw » an t for orotein response. Micro-crystalline 

evt ^ecXS Properties of the paper such as porosity and tensile strength. 



Example ll 
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35 



to remove all naturally occurring protein. d fiHer ^ner the first of which was an aqueous/eth- 

The DIDNTB protein reagent was made fromtwo binding polymer and polyvinyl 

anol mix containing a buffer (sodium atrate) ■ J^-Jro ' ^S*dto2 V using sodium hydroxide and 
a.cohol to increase the wet tensile strength of "W^J * ^JjSSSf S enhanoer polymers, i.e. Lot- 
hydrochloric acid. The second saturation was atol.* e^SSas to function, preferred concentration and 



minutes after each saturation. 
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Table 2 



DIDNTB Protein Reagent Corrposrtion. 



Ingredient 


Prefer Cone. Function 


used 


Mjtowaoie nange 


1st application 








Water 


Solvent 


1000 mL 




Ethanol 


Solvent 


■8.15 mL 


0-40 n% 


PVA polymer 


Binder 


0.25 g% 


V yJ y A) 


Sodium citrate 


Buffer 


8.68(378 mM) 


50-750 mM 


PH 




2.1 


1.5-3.5 


2nd application 








Toluene 


Solvent 


95 mL j 




THF 


Solvent 


5mL 


0-50 mL 


DIDNTB 


Indicator 


0.329 g (3 mM) 


0.2 - 5.0 mM 


Lutonal M40 


Polymer enhancer 


0.143 g% 


0-1.0 g% 


KOK 10071 


Polymer enhancer 


0.375 g% 


0-10.0 g% 



DIDNTB=5\^^ 



The results of this experiment, which was carried out using several different types of cellulose/glass filter paper as well 
as one all glass matrix and several straight cellulose filter papers are set out in Table 3. 
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Matrix 



cellulose 
cellulose 
cellulose 
cellulose 
cellulose 
cellulose 

cellulose 

cellulose 

cell:glass 

cell:glass 

cell.glass 

diethylaminoethyl cell:glass 
trimethylhydroxy propyl celkglass 
cartxjxymethyl cell:glass 
sulfoxyethyl cell.glass 
orthophosphate cell:glass 
carboxymethyl cell:glass:glass:PVA 
trimethylhydroxy propyl celhgtassPVA 
cellulose:glass:PVA 
cellulose.glass:PVA 
cell= microcrystalline cellulose 



% Glass 


Absorp mg/cm2 


Thick urn I 


Protein Response (A%R 
/j*, ci nnm\ O to 8 ma/dL 


100 


16 


690 j 




0 


. 10 


363 




0 


16 


710 


6.8 


0 


19 


710 I 


6.8 


0 


19 


840 


12.0 


0 


21 


CQC I 


12.5 


0 


20 


620 


14.0 


0 


22 


890 


11.5 


0 


22 


741 


15 6 


70 


13 


371 


27.1 


90 


21 


552 


31 1 


70 


12 


266 


23 1 


70 


11 


335 


5>1 A 


70 


on 


373 


| 21.4 


70 


16 


402 


29.0 


70 


11 


392 


28.9 


70 


13 


313 


12.2 


70 


15 


458 


23.0 


70 


18 


453 


33.0 


90 


12 


273 


28.7 


50 


13 


273 


20.0 



40 



45 



reSU,tS ' ^ • ic r** nrpdicated uoon any particular theory or method of operation, it is believed that 

While the present ^o^s not £^ to deaeased interactions between the matrix 

the improved response observed with glass/ 
and the reagent chemicals/sample proteia 
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Claims 
1 



2. 



In Hie method o< P«* * - ^™ 'JSKSS^S^^SK 

the presence of a glass/cellulose combination. 

The method of Claim 1 wherein the glass/cellulose combination is a paper comprised of glass and cellulose ftoers 
which is used as a support for the reagents. 
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3 - ^ESSfS^ fte 9 ^ c<H,utose wer from 30 to 90 * % ^ wi » >» 

4. The method of Claim 3 wherein the glass/cellulose paper contains from 50 to 70% glass:50 to 30% cellulose. 

5. The method of Claim 1 wherein the cellulose portion of the combination contains derivataed cellulose groups. 

7. The method of Claim 1 wherein the protein error indicator is a phenolsulfonephthalein dye. 

8. The method of Claim 7 wherein the phenolsulfonephthalein dye is tetrabomophenol blue, -dinltro-3 1 3"-diiodo- 
'5 w P ^o C SoT^et r ^ U,fo^ePhtha,ei^, C ° 0maSSie brHliant *** 1=851 Green FCF - SF, py^gallol red 

9. The method of Qaim 1 wherein the aqueous fluid is urine. 

1 0. A device for the determination of protein in an aqueous fluid which comprises a glass/cellulose paper as substrate 
in which there is absorbed a buffer and a protein error indicator dye which dye exhibits a colorimetrically delectable 
response upon being contacted with an aqueous fluid containing protein. 



10 



so 



25 



30 



35 



40 



45 



50 



55 



BEST AVAILABLE COPY 



EP0 785429A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nuaky 

EP 97 10 0036 



DOCUMENTS CONSIDERED TO BE RELEVANT 






C it Mi no of dacuanM wMl tadkation, where appropriate, 

Of 1 itt f Mlt p »»■ 


Rdevwt 
to dmtm 


CLASSIFICATION OF THE 
APPLICATION (IntO.6) 


X 


US 5 186 843 A (BAUMGARDNER JOHN S ET AL) 
16 February 1993 

* column 2, line 40 - column 4, line 60; 
claims 1,19,20 * 


1-10 


pni iitI /AO 


X 


US 4 966 856 A (ITO TSUKASA ET AL) 30 
October 1990 

* column 11, line 35 - column 13, line 60 
* 

* column 6, line 5 - line 15 * 


1-1G 




A 


US 4 853 335 A (OLSEN 0UANE A ET AL) 1 
August 1989 

* column 3, line 30 - column 4, line 60 * 


1-10 




A 


US 4 933 092 A (AUNET DIANE L ET AL) 12 
June 1990 

* column 2, line 15 - line 30 * i 

* column 6, line 55 - line 70; claims 1,8 
* 


l-ie 




D,A 


US 5 424 215 A (ALBARELLA JAMES P ET AL) 
13 June 1995 

* column 1, line 15 - column 3, line 10 * 

* column 7, line 65 - column 8, line 50; 
claim 1 * 


l-ie 


TECHNICAL FIELDS 
SEARCHED (IBCCU) 


G01N 


A 


EP 0 269 240 A (BI0TRACK INC) 1 June 1988 

* page 3, line 30 - line 50 * 

* page 4, line 30 - line 40; claim 1 * 


l-ie 











PMaof M*tfc 

MUNICH 



7 April 1997 



Mason, W 



CATEGORY OF CITED DOCUMENTS 

X : parti adarty relevant H taken alone 

Y : parti cni arty relevant if combine* with another 

ioevaeat of too hm category 
A : technological backgroane 

O: 
P: 



T : theory or principle on*ertyin 8 the invention 
E : earlier patent document, but pubitshe* on, or 

efter tee filing, fate 
D : eocamcat died ia the application 
L : eocinoent dim* for other reasons 

* : neater of the suae patent family, corrcsnooeiag 



BNSDOCID: <EP 0785429 A 1_ I, > 



BEST AVAILABLE COPY 



